Introduction
The U.S. Environmental Protection Agency (EPA) needs tools and methods that will permit rapid response and inform risk-management decisions following intentional attacks on public buildings and the nation's water supply. Since 2004, EPA's National Homeland Security Research Center (NHSRC) has been developing the toxicity value database (TVD) to provide quick access to toxicity, critical effect, and benchmark data, as well as chemical properties, and fate and transport data, to support rapid and efficient response during emergency situations.
The TVD can be viewed as a specialist database that offers a "one-stop shop" for 96 agents (see Table 1 for a complete listing) by providing a comprehensive listing of publicly available toxicity benchmark data from secondary sources (national and international), a description of the benchmark derivation, an inventory of agent property information, and a compilation of dose-response information retrieved from the primary scientific literature.
The TVD is one tool among many that NHSRC is currently developing to enable scientists, engineers, and emergency responders to make rapid decisions regarding containment, treatment, decontamination, and disposal of contaminated media. A complete listing of publicly available tools and documentation can be obtained at http:// www.epa.gov/nhsrc/index.htm.
As stated by Anderson et al. (2000) , a specialist database is generally more useful and effective than larger commercially available counterparts. Such specialist databases are not necessarily limited to toxicological data, but can be developed for a number of data elements. For example, Anderson et al. (2000) show that a specialist bibliographic toxicity database (TRACE) is more effective compared to larger and more generic bibliographic databases. The distributed structure-searchable toxicity (DSSTox) public database which can be accessed via the following link: http://www.epa.gov/ncct/dsstox/ can be viewed as another specialized database. The database's purpose is to provide the use of a common standard file format that includes chemical structure and property information, a centralized website that enables free public access to structure-toxicity data files and finally engages the public, academia, and industry toward continued contributions and expansion of the database. The database provides opportunities for a closer relationship between a chemical structure Toxicology and Applied Pharmacology 233 (2008) 
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Toxicology and Applied Pharmacology j o u r n a l h o m e p a g e : w w w. e l s ev i e r. c o m / l o c a t e / y ta a p and its existing toxicity data and promotes and facilitates structurebased exploration of toxicity data within a chemical structure framework (Richard and Williams, 2002) . Although several toxicity databases are available and provide a wide range of toxicity information, this paper compares the TVD with three systems commonly used by risk assessors and emergency responders. The three databases are the Wireless Information System for Emergency Responders (WISER) (NLM, 2007c, http://wiser.nlm.nih.gov/), Registry of Toxic Effects of Chemical Substances (RTECS) (NIOSH, 2007a, http :// www.cdc.gov/niosh/rtecs/default.html), and TOXicology Date NETwork (TOXNET) which provides links to 14 databases made available by the National Library of Medicine (NLM) (NLM, 2007a, http://toxnet.nlm.nih. gov/) . Comparison with a multitude of other databases, both commercial and non-commercial, is beyond the scope of this paper.
Developed by NLM, WISER is a freely available database that provides basic information and guidance for a hazardous material response, including substance identification support, physical characteristics, human health information, containment, cleanup and disposal methods, and suppression guidance (NLM, 2007c, http:// wiser.nlm.nih.gov/). WISER is available in a web-based version or for download to a personal computer or wireless device. The database draws from data maintained in NLM's Hazardous Substance Data Bank (HSDB) and outlines potential health effects for approximately 400 hazardous substances. Unlike the TVD, however, dose-response information for various exposure durations, associated health effects and benchmarks, and reference values from various national and international sources are not available in a synthesized format. In addition, 49 of the 96 agents in the TVD have no entries in WISER.
RTECS is a compendium of data extracted from the open scientific literature and provides toxicity information for more than 160,000 chemicals. RTECS primary users include the chemical industry, and the occupational safety and health community, and can be purchased through the company that currently maintains the database (Elsevier MDL; http://en.wikipedia.org/wiki/Elsevier_MDL). It should be noted that though the database is designated as a primary source of information for Material Safety Data Sheet (MSDS) development, the studies cited in RTECS have not been evaluated; therefore, the user has the responsibility for accessing and assessing cited data sources in the database. Toxicity data are organized into six fields in the database and include: 1) primary irritation; 2) mutagenic effects; 3) reproductive effects; 4) tumorigenic effects; 5) acute toxicity; and 6) multiple dose toxicity (NIOSH, 2007b, http ://www.cdc.gov/niosh/rtecs/RTECSfeatures.html). With the exception of multiple dose toxicity, the other five toxicity data fields do not lend direct support for rapid risk assessment purposes, although the information is useful in evaluating the overall weight-of-evidence (WOE) of an agent's toxicity. The multiple dose toxicity results include studies of various durations with most common study designs including 13 weeks, 26 weeks, 52 weeks, and 2-year studies (NIOSH, 2007c, http ://www.cdc.gov/niosh/pdfs/ 97-119-a.pdf). Since RTECS is not available for open access, unlike the other databases presented here, it is difficult to provide a comparison of the specific elements in the RTECS to specific elements in the TVD. NLM's TOXNET database is a cluster of 14 databases covering toxicology, hazardous chemicals, environmental health, and related areas. TOXNET provides free access to and easy searching of these 14 databases which include Chem ID Plus®, HSDB, TOXLINE®, CCRIS (Chemical Carcinogensis Research Information System), DART®/ETIC . Though an excellent source for toxicity and other hazard data, one has to compile information from the different databases to obtain dose-response data and critical-effect data. In contrast, the TVD offers the convenience of instant access to quantitative data and associated critical effects from a subset of the TOXNET databases (e.g. HSDB, IRIS, and TOXLINE) for 96 agents. The advantage TOXNET has over the TVD is the availability of a larger subset of chemicals versus the chemicals presented in the TVD. However, depending on the needs of the response community, the number of chemical entries in the TVD can be expanded. A short summary of the TVD design is presented below along with tables and screen shots to provide a preview of the TVD's operational features.
Toxicity value database design
The TVD was designed and developed to facilitate data entry, quality assurance and quality control review, and retrieval of compiled data for 96 agents. The key data are presented in a Microsoft Access database with a finite set of reporting features that allow end users to quickly and efficiently extract critical data on agents of interest. The system is populated with toxicity data from publicly available secondary sources, including governmental and non-governmental entities (domestic and international), and from studies in the primary literature from various peer-reviewed journals. Several systems were established during the database development process to ensure technical accuracy, scientific correctness, and proper documentation of the compiled data.
Secondary data sources
Secondary data sources were used to extract toxicity, critical effect, and associated benchmark data, along with agent properties and fate and transport data, where available. Tables 2 and 3 provide a listing of secondary sources used to populate the TVD with toxicity and chemical property data, respectively. The tables also list web links to the sources, where available. Selection criteria for secondary sources included: 1) publicly available source; 2) published or released by a reliable governmental or non-governmental entity; 3) documented peer review and scientific review; and 4) filled a critical need. In most cases, selected benchmark value sources are supported by a rigorous peer review process (e.g. EPA IRIS, ATSDR Toxicological Profiles), but some other sources were included regardless of the peer review rigor to fill an information need (e.g., Department of Energy Temporary Emergency Exposure Limits [TEELs]).
Data elements for agent properties represent quantitative and descriptive information that will be instrumental in identifying an agent and/or in identifying an agent's fate and transport characteristics. For toxicity values, data elements are associated with toxicity benchmarks (e.g., reference values or media-specific health-based guidelines), along with fields to capture the basis for the reported benchmark (e.g., principal studies, supporting benchmark values, observed effect levels, uncertainties, and derivation methods). Table 2 lists the specific types of toxicity benchmarks housed in the TVD. 
International sources
Similar to the secondary sources, international sources include: 1) publicly available source; 2) published or released by a reliable international entity; and 3) documented peer review and scientific review. Similar to secondary data sources, selected benchmark value sources are supported by a peer review process required by the entity that published the benchmark. Table 4 provides an overview of the international sources from which data were extracted for compilation into the TVD.
Primary literature sources
A tiered approach was used for reviewing and compiling relevant toxicity information from primary literature sources. Fig. 1 provides an overview of the steps followed in the primary literature source selection. The ultimate goal is to identify studies that contain quantitative dose data to be reviewed and evaluated for utility in supporting human health risk assessment and toxicity benchmark development.
As part of Step 1, PubMed (http://www.ncbi.nlm.nih.gov/sites/ entrez?db=pubmed) and TOXLINE (http://www.nlm.nih.gov/pubs/ factsheets/toxlinfs.html) databases were searched for each agent using CAS numbers and synonyms, and all records were inputted into an EndNote® reference library. A decision tree filtering approach was developed and used to identify the most relevant toxicity studies in the EndNote® library for compilation into the TVD. EndNote® records were initially searched using multiple key words. Key words represent terms (full and truncated) aimed at identifying toxicological and epidemiological studies that cover a range of health endpoints (e.g., lethal, fetotox, reprotox, muta, cancer, tumor, irritation) and exposure periods (e.g., acute chronic) of interest, and are likely to present quantitative dose-response data (e.g., NOAEL, BMD). All records containing any of the listed terms were retained. The records were further screened by using the filters in Step 2.
The goal of
Step 2 was to limit the reference list to those most likely to contain experimental animal and epidemiological studies. For agent searches yielding greater than 100 references, another set of key words were applied to limit by study subject or study type (Filter 1). In addition, to limit duplication of studies already reviewed as part of comprehensive literature reviews by authoritative scientific bodies, data limits were applied (Filter 2) if one or more of the following documents were available:
• Specifically, only references published 3 years prior to the publication of the most recent comprehensive literature review or later were retained for further review and possible inclusion in the TVD.
If greater than 300 abstracts still remained after Step 2 Filters 1 and 2, abstracts were reviewed for content that may be extraneous to the project goal. The primary purpose of this filter (Filter 3) was agentspecific and relied on the scientific judgment of the review team.
After limiting the number of citations to a more manageable number in Step 2, abstracts were reviewed during Step 3 to identify articles most likely to contain agent-specific dose-response data. Those articles were retrieved and reviewed in full, with a subset of pertinent studies entered into the TVD. Abstracts that described genotoxicity, biomarkers (without dose-response data), detection/ decontamination methods, exposure countermeasures, or ecotoxicity were excluded from further review.
Quality assurance/quality control
Prescriptive data-entry protocols were used to ensure consistent data entry from primary and secondary literature sources. In addition, strict QA/QC procedures were implemented to ensure that no information was lost, transcribed incorrectly, or compromised when obtained from the original source. Following entry of agent-specific data into the TVD, each and every database record was reviewed to ensure that database records were accurate and complete. A database interface was designed explicitly to enable senior scientists to review and correct database entries as needed. Fig. 2 provides a sample of the QA/QC data entry form used to ensure accuracy and completeness.
Data reporting functions
A finite set of database reporting functions allows the end user to extract data from the TVD. The following six reports are available: 1) Fig. 6 . Primary literature detailed report. agent properties report; 2) synonym report; 3) benchmark data summary report; 4) benchmark data detailed report; 5) primary literature citation report; and 6) primary literature detailed report. The agent properties report and synonym reports list an agent's chemical and physical properties, and possible agent synonyms, respectively. The benchmark data summary report displays a summary of all benchmark types and values housed in the database for a particular agent from national and international secondary sources. The benchmark data detailed report presents available study information supporting each listed benchmark. Figs. 3 and 4 display sample screen shots from benchmark data summary and benchmark data detailed reports, respectively. The primary literature citation report lists references housed in the database and the primary literature detailed report displays detailed reports of primary literature studies (e.g., study design, strengths/weaknesses, and dose-response data). Figs. 5 and 6 display sample screen shots from primary literature citation and primary literature detailed reports, respectively. In addition to providing standard reports in Microsoft Access, the user has the option to export the benchmark data to a Microsoft Excel spreadsheet as shown in Fig. 7 .
Discussion
The TVD currently includes approximately 1900 individual records housing secondary toxicity benchmark information for the 96 agents. In addition, the database includes approximately 1800 individual primary literature records. Secondary source benchmarks include dose levels or exposure guidelines specific to environmental media (air and water) and common exposure routes (inhalation and oral) for worker or general populations. Generally speaking, benchmarks for acute and chronic exposure durations were more prevalent than short-term or subchronic exposure durations. In addition, some benchmark sources were more comprehensive than others and some agents were more widely studied than other agents. The primary literature records represent a cross-section of study types and quick reference to the overall strength and suitability of the study data to support meaningful dose-response analysis. In a limited number of cases, specific benchmarks as presented by study authors are included in the database records (e.g., LD 50 s, NOAELs/LOAELs).
Given the use of readily accessible secondary sources, a user should recognize the limitations that are inherent in the database. Some limitations include: 1) reliance on information provided in the secondary source data reported in the secondary sources were not verified against the principle studies; and 2) incomplete or limited records due to ambiguity of information in the source documentation.
In conclusion, an attempt was made to make the TVD as comprehensive as possible; however, like a multitude of toxicity databases, the information provided in the database requires scientific judgment and interpretation. Although the information in the TVD is currently limited to 96 agents, it must be emphasized that there is a potential for future growth depending on the needs of the response community. An argument can be made as to "why another database" when there are already several such databases available. However, as pointed out earlier, not all publicly available databases contain all the needed information. The key is to utilize the information available in the TVD in conjunction with other relevant information (e.g. decontamination methods, containment, cleanup, disposal) to make appropriate risk-management decisions that will minimize effects to human health and the environment from intentional releases, accidents, and natural disasters.
Future plans include transferring the stand alone Microsoft Access version of the TVD to an ORACLE web-based system with various search options.
